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It was shown in the first papers of this series (1, 2) that dissociation 
of washed pneumococcus specific precipitates and agglutinated pneu- 
moeocci with  strong salt solutions afforded a means, anticipated on 
theoretical grounds, of rapid passage ~from unconcentrated antipneu- 
mococcus sera to antibody solutions of great purity.  Solutions were 
frequently obtained in which 95 to 98 per cent of the nitrogen content 
was  precipitable by the homologous pneumococcus specific polysac- 
charide,*  and  in  one  instance  an  analytically  pure  antibody  was 
recovered.  This has also been accomplished by Goodner and HorsfaU, 
using a modification of our method (3). 
While  much  has  been  learned  of  the  physical  properties  of  the 
recovered antibody protein (4-7) its chemical reactivity with varying 
amounts of S  has not been quantitatively charted.  This was  con- 
sidered of interest, for it could not be foreseen whether the dissociated 
antibody, which represents only a variable portion  s of the antibodies 
of greatly differing reactivity present in whole sera, would react as a 
cross section of these antibodies, or whether the dissociation process 
* The work reported in this communication  was carried out under the Harkness 
Research Fund of the Presbyterian Hospital. 
** Rockefeller Foundation Feliow, 1937-1938. 
t Subsequently designated S, with the appropriate type numeral. 
2  Two Type II antipneumococcus horse sera studied recently have given very 
poor yields of antibody both by the salt and barium hydroxide-barium chloride 
methods. 
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was selective,  removing only a  portion  of the  antibodies  different in 
character and reactivity from the undissociated fraction. 
Experiments  to  gain information  on this  question  are  reported in 
the  present  paper.  The  reactivity  of  purified  and  native  pneumo- 
coccus anticarbohydrate with formaldehyde is also considered,  owing 
to experiments which were given considerable theoretical significance 
in a  recent communication by Eagle  (8). 
EXPERIMENTAL 
1. Determination of F:,quations.--The materials used and the methods of pro- 
cedure were those referred to and described in references  1 and 2.  Ratios of the 
components in the specific  precipitates up to the equivalence zone were deter- 
mined as in (9-11), and were plotted similarly, using the method of least squares 
when more than one line could be drawn. 
In Table I are given data on the precipitin reaction between S I and (a) Type I 
antipneumococcus rabbit serum 4.751, (b) an antibody solution, 4.751 A, prepared 
from the same serum by addition of Type I pneumococci and dissociation of the 
washed agglutinated cells with 10 per cent NaC1 solution (2), and (c) an antibody 
solution, 4.751 B, prepared from the salt-treated, undissociated residue of agglu- 
tinated  pneumococci by elution in the  cold with  Ba(OH)2, addition  of BaCl~, 
and neutralization (2). 
Table II contains data on a Type II antipneumococcus horse serum and an 
antibody solution obtained from it by the method used for 4.751 B, above. 
In Table III are given data on the precipitin reaction between SIII and (a) 
Type III antipneumococcus horse serum, (b) a pool of three solutions, 792 L, N, P, 
obtained by salt dissociation  of washed specific precipitates from this serum, (c) 
a single salt-dissociated antibody solution, 792 T, and (d) a solution, 792 Q, ob- 
tained by barium hydroxide treatment of the undissociated residues which had 
yielded 792 N and P. 
2.  Reaction of Antifmeumococcus Sera and Purified Antibody with Formalin.- 
From the precipitin data given by Eagle (8) it is obvious that the autisera used 
by him were exceedingly  weak.  In the present experiments two Type I  anti- 
pneumococcus sera were used; serum 884, preserved with phenol and merthiolate, 
containing 0.41 rag. of antibody N per ml., and serum 902, with no added preserva- 
tive, containing 3.14 rag. of antibody N per ml.  3  The formalin used  4 was diluted 
1 : 10 with saline.  At this dilution the ptI, measured with the glass electrode, was 
6.40, and it was accordingly adjusted to pH 7.56 with dilute  sodium hydroxide 
We are indebted to Dr. R. H. Muckenfuss,  Miss  A.  Walter,  and  Dr.  E. 
M. Schryver of the New York City Department of Health for these sera. 
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in order to bring it near the pH of sere 884 and 902,  which were 7.68  and 7.65, 
respectively. 
In order not to deviate more than seemed advisable from the conditions used 
by Eagle, 12.8 ml. portions of serum 884 were allowed to stand at room tempera- 
ture for one day with: A, 0.25 ml., B, 0.5 ml., and C, 4 ml. of the neutralized 1 : 10 
TABLE  I 
Precipitation of Type I  Antipneumococcus Rabbit Serum and Antibody Solutions 
by SI 
Amount of S I, prepa- 
ration 123,4, used 
mg. 
0.048(6) 
0.097 
0.122 
0.162 
0.243 
Antibody nitrogen  Ratio antibody N 
precipitated*  to S I used  Tests on supernatanta 
rag. 
i .5 ml. serum 4.751, C-absorbed, diluted 3.5 to 20, 0°C. 
0.290  6.0 
0.513  5.3  Excess A 
0.598  4.9  "  " 
0.716  4.4  Trace A, trace S 
0.783  Excess S 
rag. antibody N pptd.  =  6.7 S -- 14.6 S  2, or 6.7 S -  11.2 S  s, calculated to 1 mg. N 
1.0 ml. solution 4.751 A, 0°C. 
0.032(4)t  0.186t  5.7 
0.048 (6)  0.256  5.3  Excess A 
0.097  0.419  4.3  "  " 
0.2  0.675 
rag. antibody N pptd.  ffi 6.4 S -- 21.6 S  2, or 6.4 S -- 10.2 S  s, calculated to 1 rag. N 
1.0 ml. solution 4.751 B, 1:1, 0°C. 
0.048(6)  0.292  6.0 
0.097  0.507  5.2 
0.122  0.606  5.0 
0.3  0.850 
nag. antibody N pptd.  -- 6.7 S -- 14.6 S  s, or 6.7 S -  11.2 S  2, calculated to 1 nag. N 
* Total N  -  S I N. 
t Run on 1.5 ml. portions, with 0.048(6)  mg. S I. 
formalin dilution, all of these being in the range in which both specific predpitation 
and agglutination were inhibited in Eagle's experiments.  Similarly, 6.4 ml. of 
serttm 902 were set up with: D, 0.125 ml., E, 0.25 ml., and F, 2 ml. of the formalin 
dilution.  Next day B  showed a  pH of  7.44,  requiting 0.25  ml. of 0.1  N KOH 
(×  1.037) for adjustment to pH 7.72;  C was slightly turbid, pH 6.59,  requiring 
1.7 ml. of the KOH solution for adjustment to pH 7.59.  Solution F, presumably 
on account of the high globulin  and high antibody content, had set to a gel (of. (12) 916  ANTIBODY  PURI]?ICATION.  III 
for a discussion of the formol gel reaction); E was very viscous and faintly turbid, 
pH 7.33, changing to 7.66 on addition of 0.15 ml. of the KOH solution.  On stand- 
ing overnight in the cold a  gel was formed, and this did not disintegrate at room 
temperature.  During a period of 2.5 months in the cold A remained fluid, C set 
to a loose gel, and D to a firm one.  The addition of 0.5 per cent of phenol to serum 
902 did not prevent gel formation. 
The number of amino groups combined, calculated roughly according to (8), 
was 2.5 for B, 3 for E, and 18 for C (assuming that 0.187 ml. N KOH would have 
TABLE  II 
Precipitation of Type II Antipneumococcus Horse Serum  and Antibody  Solution 
by S II 
Amount of S II, 
preparation 83B, 
used 
0.024(5) 
0.049 
0.074 
0.099 
0.197 
Antibody  nitrogen  Ratio antibody N  Tests on  supernatants 
prccipltated  to S II  used 
•g. 
2.0 ml. serum 930, C-absorbed I:i,  37°C. 
0.298  12.  I 
0.490  10.0  Excess A 
0.630  8.5  "  " 
0.724  7.3"  No A or S 
0.784  Excess S 
mg. antibody N pptd. =  14.0 S -  77.5 S  2, or 14.0 S  -  49 S*, calculated to 1 mg. N 
2.0 ml. solution 930 B, obtained by Ba(OH)2 dissociation after removal of 930 A by NaC1 
dissociation; total N, 0.417; N pptd. by S II at 37  °, 0.356 rag. per ml. 
Experiments run at 37 ° 
0.024(6)  0.330113.4  I 
0.049  0.506t  10.3  Excess A 
0.074  0.630  8.5  ....  , trace S(?) 
rag. antibody N pptd. =  15.8  S -- 104 S  2, or 15.8 S -- 62 S  2, calculated to 1 rag. N 
*  Not used in calculating equation. 
t  One determination only. 
brought C back fully to pH 7.68), as against 21, 21, and 41  given in (8) for the 
same  proportions  of  serum  and  formalin.  As  Eagle  did not  mention  having 
adjusted the "neutral" formalin to a pH close to that of the serum, the discrep- 
ancy would be easily accounted for if this precaution had not been taken. 
Aliquot portions of A, B, C, and D, with the usual controls, were set up at 
0°C. with the amount of S I used for the original sera.  A became slightly turbid, 
but only D  precipitated rapidly.  After 16 days in the cold the tubes were centri- 
fuged for some hours at 2500 R.1,.~.  B  and C  showed only traces of precipitate 
and were discarded.  In A, however, 0.22 rag. per ml. of antibody N  had preo IK. HEIDELBERGER,  P. GRABAR, AND  H. P. TREFFERS  917 
cipitated, or 54 per cent of the total, while D  gave 3.36 mg., or slightly more than 
found originally.  In the latter instance the precipitate was more pasty than that 
from untreated serum. 
TABLE  III 
Precipitation of Type III Antlpneumococcus Horse Serum and Antibody  Solutions 
by S III 
Amount of S nI, 
preparation 108, 
used 
mg. 
0.020 
0.030 
0.050 
0.075 
0.100 
Antibody nitrogen  Ratio antibody N  Tests on supernatants 
precipitated  to SIII used 
1.5 ml. serum 792, C-absorbed, 0°C. 
0.342  17.1 
0.458  15.3 
0.568  11.4  Excess A 
0.570  7.6*  No A or S 
0.594  Excess S 
0.023(6) 
o.o39(3) 
o. 050 
0.075 
0.100 
rag. antibody N  pptd. 
rag. antibody N  pptd.  =  21 S  -- 192 S  ~, or 21 S -  110 S  ~, calculated to 1 mg. N 
3.0 nil. combined solutions 792 L, N, P, 0°C. 
0.409  17.3 
0.505  12.9  Excess A 
0.539  10.8  "  " 
0.557  (7.4)  Doubtfult 
0.563 
--- 22.8 S  -  247 S  ~, or 22.8 S  -  130 S  ~, calculated to 1 rag. N 
2.5 hal. solution 792 T, 0°C. 
0.017(7)  0.320  18.1 
0.023(6)  0.388  16.4  Excess A 
0.035(4)  0.442  12.5  ....  , trace S(?) 
0.059  0.478  (8.2)  No A, trace S 
nag. antibody N  pptd.  =  24 S  -  326  S  ~, or 24 S  -  144 S  ~, calculated to 1 rag. N 
2.0 
0.020 
0.030 
0.050 
0.075 
rag. antibody N pptd. 
ml. solution 792 Q (Ba(OH)2 extracted), 0°C. 
0.490  24.5  Excess A 
0.550  18.3  No A or S 
0.568  11.4  "  "  "  " 
0.576  Excess S 
-- 32.2 S  -- 421 S  *, or 32.2 S  -  259 S  2, calculated to 1 rag. N 
* Not used in calculating equation. 
t  Test for S with supernatant from first tube, negative; test with Felton solu- 
tion from serum 792,  +. 
Eagle  has  stated  (8)  that  the  activity  of  purified  pneumococcus 
antibody  is not  affected  by  formaldehyde.  Since  this  is  contrary  to 918  ANTIBODY  PURIFICATION.  III 
Chow and Goebel  (13), their experiment was repeated with  the same 
relative amount of formaldehyde, but with a far more dilute antibody 
solution. 
To 8 ml. of solution 701, 2 B (2), containing 0.305 mg. of antibody N and 0.314 
rag. of total N per ml., or 15.8 mg. of total protein, were added at 0°C.  12.6 mg 
of sodium bicarbonate and  0.75 ml.  of the neutralized  1:10  formalin solution 
described above.  The solution was allowed to stand at 0  °.  A test portion re- 
moved after one-half hour, the time allowed by Chow and Goebel for a solution of 
20-fold  concentration, showed no obvious diminution of precipitation with S I, 
but predpitation appeared to take place more slowly after 2.5 to 4.5 hours.  The 
precipitates in the test portions had not dissolved next morning, but the main 
portion of the solution, at pH 8.09, gave only a faint turbidity with S I.  Chow 
and Goebel showed that the reaction was reversible in acid solution, as reactivity 
of the antibody was restored at pH 4 at 0  ° for several days.  A portion of our solu- 
tion was precipitated with a drop of 50 per cent acetic acid and neutralized with 
sodium  hydroxide,  after  which  it  precipitated  S  I.  The  remainder  behaved 
similarly when acidified to litmus with a drop of N acetic acid and allowed to stand 
for  2  hours  at  room  temperature.  Purified  pneumococcus  anticarbohydrate 
therefore reacts with formaldehyde at alkaline reactions, with reversible loss of 
precipitating power, as stated by Chow and Goebel.  Eagle's failure to observe 
this is easily explained if he failed to adjust the pH of the neutral formalin, as in 
the  discrepancy noted  above, or  to  add  bicarbonate to  the purified antibody. 
The difference  in behavior from the antibody in whole serum would seem to be 
that in whole serum the non-antibody protein acts as an alkaline buffer.  This is 
indicated by the rapid loss of  precipitating power on addition of serum to un- 
buffered purified antibody solution containing formalin. 
DISCUSSION 
The data given in the tables show that purified antibody solutions 
prepared  by  dissociation  of  specific  precipitates  from  antipneumo- 
coccus rabbit and horse sera follow equations of the same type as do 
the  unconcentrated  sera  in  their  reactions  with  homologous  type 
specific  polysaccharide  (10,  11).  In  many  instances  the  equations 
for  whole  serum  and  the  portion  of  its  anticarbohydrate  recovered 
either  by  the  salt  or  barium  method  are  almost  identical.  This  is 
made  especially  clear by recalculation  of the  equations  for the  sera 
and  antibody  solutions  to  1.0  mg.  of  antibody  N  for  purposes  of 
comparison.  The  equations  then  become,  for  rabbit  serum  4.751, 
mg. antibody N  precipitated  --  6.7  S  -  11.2 S*; for solution 4.751 A, 
6.4  S  -  10.2  S*;  and  for  solution  4.751  B,  6.7  S  -  11.2  S 2.  For 
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14.0S  -  49S  ~, while for 930  B  it is  15.8  S  -  62  S ~.  As may be 
noted from Table II, however, the differences in the latter equation 
are due to the higher ratio of the first and least certain point on the 
curve.  The other points fall on the curve of the equation for serum 
930.  In the Type III horse serum series (Table III)  the equations 
are 21.0  S  -  110  S  2 for antibody N  precipitated from serum 792; 
22.8 S -  130 S  2  for that precipitated from solution 792 LNP (the three 
points are very close to the curve for the whole serum) ; 24.0 S -  144 S  ~ 
for solution 792 T; and 32.2  S  -  259 S  2 for solution Q.  Only in the 
last instance is there evidence of a much altered combining capacity 
on the part of the antibody, and it is possible that solution Q  was 
exposed to a  somewhat larger excess of barium hydroxide than was 
ordinarily used.  On  the whole,  then,  the salt dissociation method 
leads to  the recovery of an antibody mixture with much the same 
reactivities as those of the original serum, and this is also the case 
with  the  barium  hydroxide-barium  chloride  method  in  favorable 
instances. 
There appears  to be a  definite tendency for the values of R,  the 
antibody N to S ratio, to be higher in the antibody solutions recovered 
from horse serum than in the sera themselves.  The reason for this is 
not yet known, but aside from this evidence of slight alteration it is 
clear that dissociation of the specific precipitate ordinarily yields a 
portion of the antibody representing a cross section of the antibodies 
present in  the  serum,  rather  than  a  fraction of these of definitely 
higher or lower combining ratio with S.  It would therefore appear 
that the dissociated antibody, although isolated in a state approaching 
and even equalling analytical purity, is still a  mixture of antibodies 
of different reactivities.  An instance of definite fractionation was, 
however, noted in (2), in that the antibody precipitated from a Type 
VIII antipneumococcus horse serum by S III was shown to be quan- 
titatively precipitable by either SIII  or S VIII. 
It is  also shown in  the experimental part  that purified antibody 
loses reversibly its ability to precipitate polysaccharide when treated 
with formaldehyde at sufficiently alkaline reaction, as found by Chow 
and  Goebel  (13).  A  possible  explanation  is  also  given  of  Eagle's 
failure to note this (8), and of the discrepancies between our experi- 
ments and his on the action of formaldehyde on whole antipneumo- 920  ANTIBODY  PUR.I~ICATION.  III 
coccus  sera.  In  our  experiments it  is  shown  that  an  amount  of 
formalin  sufficient  to  inhibit  completely specific  precipitation  and 
agglutination in the weak sera used by Eagle failed even to diminish 
the quantity of nitrogen precipitated by S I from an antipneumococcus 
horse serum containing 3.14 rag. of antibody N  per ml.  The same 
proportion  of  formaldehyde,  however,  reduced  the  amount  of  N 
precipitated from a  serum containing only 0.4i rag. of antibody N 
per  ml.  by  one-half,  and  larger  amounts  inhibited  precipitation 
completely. 
The inhibition of specific precipitation by formaldehyde has been 
cited by Eagle (8) in favor of his restatement of the Bordet hypothesis 
of specific precipitation and against the qualitative (14) and quanti- 
tative (10) restatements of the Ehrlich hypothesis made by IV[arrack 
and by one of us and Kendall.  It is, however, a difficult matter to 
devise  experiments permitting  a  decision  between  two hypotheses 
which differ in  as  few  essentials  as  do  the  two  in  question  when 
translated into modern terms.  For this reason Eagle's results, in so 
far  as  they are  at  all pertinent,  seem entirely consistent with the 
chemical theory of  specific  precipitation.  For  example, if  antigen- 
antibody precipitation consists in the building up of large aggregates 
by union of multivalent antigen with multivalent antibody (a view 
adopted only recently by  Eagle,  as  well (15))  alteration of certain 
reactive groupings on the antibody by combination with formaldehyde 
might  prevent  their  participation  in  precipitate  formation.  With 
fewer reactive groupings available on the antibody, the range of pro- 
portions in which precipitation would occur would become restricted. 
It would certainly appear reasonable to interpret the toxin-antitoxin 
flocculation data (Table I) in Eagle's paper in this way, especially as 
the number of different flocculation times diminishes progressively as 
the  amount  of  formaldehyde in  the  antitoxin  is  increased.  This 
interpretation  is  also  consistent with the newer data  on  the  com- 
position of the floccules and their mechanism of formation recorded 
by Pappenheimer and Robinson (15).  A similar restriction in com- 
bining proportions would be expected in the S-anti-S reaction.  Partial 
precipitation would occur when enough formaldehyde had been added 
to prevent the antibodies with fewest combining groups from building 
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easily occur with  still  larger  amounts,  although combination of  S 
and anti-S might still take place with formation of soluble compounds 
of  smaller  molecular  size.  It  would  appear,  therefore,  that  the 
results in question may be interpreted according to inclination.  The 
observation  that  pneumococcus anticarbohydrate produced by  the 
horse is not precipitated on dilution with water after treatment with 
formalin (8) also appears irrelevant, as antipneumococeus rabbit sera 
are seldom precipitated by water (17) and still yield specific precipi- 
tates without difficulty.  The antibody involved in the toxin-antitoxin 
flocculation is also water-soluble. 
The  immunological  behavior  of  antibody  recovered  from  anti- 
pneumococcus horse serum according to  (1)  is considered "remark- 
able" by Nfarrack and Duff (18) in its failure to yield much precipitate 
with an antiserum to whole globulin and in the quantitative aspects 
of  its  precipitation  of  an  antiserum  to  specific  precipitate.  This 
behavior,  however,  would  seem  precisely  that  expected  from  the 
ultracentrifugal studies reported in (4),  in which it was shown that 
pneumococcus anticarbohydrate  in  the  horse  sediments  at  a  rate 
corresponding to a fraction of high molecular weight present only in 
small quantities in normal horse serum.  Pneumococcus anticarbo- 
hydrate  recovered by  the  dissociation  procedure  should  therefore 
react with only a  small proportion of the antibodies in antisera to 
normal horse serum globulin, but should precipitate most of the anti- 
bodies in an antiserum to  specific  precipitate if added in amounts 
commensurate with its molecular size (19).  This behavior is reported 
by Marrack and Duff. 
SUM'~ARY 
1.  Tested  quantitatively,  antibody  recovered by  dissociation  of 
specific precipitates from antipneumococcus sera reacts with homo- 
logous polysaccharide almost  as  does  the  antibody in the  original 
sera. 
2.  The dissociation methods employed appear to yield a  portion 
of all of the anticarbohydrates of differing reactivities in the sera, 
rather than a fraction of low or high reactivity. 
3.  The reversible inactivation of purified pneumococcus anticarbo- 
hydrate by formaldehyde is confirmed, and the failure of data on the 922  ANTIBODY  PURIFICATION.  HI 
formaldehyde-antibody reaction  to  permit  a  choice between  alter- 
native theories of specific precipitation is shown. 
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